Previous work in this and other laboratories has shown that penicillin is specifically and irreversibly bound by sensitive bacteria (Pasynskii and Katorskaya, 1947; Cooper and Rowley, 1949;  Maass and Johnson, 1949a, 1949b; Rowley et al., 1950) . It is thought that this binding is closely related to the primary mode of action of penicillin.
Attempts have been made to elucidate the nature of this binding. Daniel and Johnson (1953) , Cooper (1954a) , and Rowley et al. (1950) have studied the effect of various factors on whole-cell uptake of penicillin in an effort to learn something of the chemical nature of the binding. Little has been learned from these studies, however. Studies have been made on cell-free extracts of untreated cells with a view toward characterizing the penicillin-binding component (Daniel and Johnson, 1953; Cooper, 1954b; Eagle, 1954) . The recent discovery by Cooper (1955) that the penicillin-binding component is highly unstable indicates that isolation of this component from untreated cells will involve serious difficulties.
In this work an attempt was made to isolate and identify the penicillin-cell complex from cells treated with 5s" penicillin. By this approach it was hoped to discover both the identity of the binding component for cell binding of penicillin, and for assay of penicillin have been previously described (Daniel and Johnson, 1953) .
When large amounts of cells were needed, growth was carried out in a 50-gal glass-lined tank (Buelow and Johnson, 1952) having a working volume of about 120 L. The medium consisted of peptone, 0.1 per cent; yeast extract, 0.1 per cent; beef extract, 0.1 per cent; glucose, 0.3 per cent; and the extract from 1,000 g of lactalbumin enzymatically hydrolyzed with pancreatin. Fifty ml of lard oil containing 6 per cent "alkaterge C" were added to prevent foaming, and the pH was adjusted to 7.4 before sterilization. The tank was inoculated with the broth (8 to 10 hr old) from 15 shaken flasks, each containing 100 ml. The fermentation was carried out at 30 C. The tank was agitated at 100 rpm and air was provided at a rate of 3 to 4cu ft per min at a pressure of 7 psi. When the desired turbidity was reached (at about 6 hr) the cells were harvested by centrifugation in a Sharples supercentrifuge at 40,000 rpm. The celLs were then washed or treated with penicillin as desired and recentrifuged. The yield of wet packed cells ranged from 260 to 420 g per tank.
The method employed in most of the work for obtaining extracts of penicillin-treated M. pyogenes was an alkaline extraction. In this method a quantity of cells was suspended in 5 volumes of water, adjusted to pH 9.5 to 10.5 with NaOH, and maintained at this pH for 36 hr at 37 C. The suspension was centrifuged for 30 minutes at 3,500 X G (15 min at 20,000 x G was later found to be better) and the supernatant was adjusted to pH 6.3.
Throughout most of the work, the 355 penicillin employed was the N-ethyl piperidine salt of benzyl-penicillin, obtained from Abbott Laboratories. Since S5" has a half-life of 87 days, it is not practical to obtain more material than can be used in 6 to 8 mo. Therefore the penicillin was obtained in small batches of about 1 The specific activity of the S3" penicillin obtained from Abbott Laboratories was not high enough to permit chromatographic analysis of unpurified cell extracts. Penicillin of high specific activity was therefore prepared by carrying out a penicillin fermentation on a low-sulfur medium containing one mc of S3 per ml. The culture employed was Penicillium chrysogenum strain W 51-20 F3. The synthetic media and general procedures were similar to those described by Soltero and Johnson (1954) , with 4 per cent lactose but without continuous addition of glucose. The inorganic sulfate content of the inoculation and fermentation media were regulated to give a final concentration of 106 pg sulfur per ml in the fermentation vessel. One ml of inoculum was used to inoculate 9 ml of the fermentation medium in a 25-by 200-mm test tube. A 0.5-ml sample was removed every 24 hr for the determination of penicillin and pH. 0.5 ml of 2 per cent potassium phenylacetate was added every 24 hr, beginning at 24 hr (not, however, until the pH was 6.5 or higher). At 96 hours the mycelium was filtered off and the broth was used immediately, as described later.
The yield of radioactive penicillin was 400 units per ml. A control containing no I5', run simultaneously, produced 470 units per ml. The large amount of radioactivity caused a definite decrease in penicillin yield, but still produced more than was needed for the experiment. The filtered broth was chromatographed on the usual chromatogram for penicillin (see below), and was found to contain only penicillin G and a residue at the point of application of the sample.
Eaton-Dikeman no. 613 paper strips (% in. wide) were used in all chromatograms. Two chromatographic systems were used. The penicillin chromatogram employed was similar to that of Brewer and Johnson (1953) . The penicilloic acid chromatogram, a modification of the system used by Pan (1954, personal communication) , was run (downflow) in a rubber-stoppered 75-by 500-mm test tube, at 25 C. The solvent was prepared just before use. Butanol, 80 ml, 95 per cent ethanol, 30 ml, and an aqueous solution (1.5 N NH1, 1.5 N (NH4)2CO,.H20), 18 ml, were shaken together; they formed two liquid phases and one solid phase. The mixture was shaken until the lower liquid phase disappeared (10 to 15 min). The remaining liquid phase was decanted off, and to each 100 ml of this phase were added 24 ml of water. About 50 ml of the developing solvent were placed in the bottom of the tube and the system allowed to equilibrate for 1 or 2 hr. A 30-ml beaker suspended from the rubber stopper served as a trough. The samples were spotted on the paper strips (not pretreated). After the strips were equilibrated in the chamber for 1 hr, 10 ml of solvent were pipetted into the trough through a hole in the stopper. Since small variations in Rf occurred from one run to another, a standard was always run simultaneously in the same chamber with an unknown, so that valid R, comparisons could be made. In order to simplify the determination of Rf values on radioactive chromatograms, a small amount of radioactivity was often placed at the front after development, when it was known that no other activity was to be found there. Thus each front appeared as a peak on the recorder, and distances were measured from these known points.
Paper electrophoresis experiments were carried out in the apparatus of Prof. R. M. Bock (of this department), which is similar to that SCHEPARTZ AND JOHNSON Figure 1 . Penicillin and some of its derivatives. R -Benzyldescribed by Consden and Stanier (1952) . The paper strips were h-in. wide Eaton-Dikeman no. 613. As many as four strips could be run simultaneously in parallel. All runs were made at 4 C. Figure 1 shows penicillin and some derivatives prepared in the course of this work. The methods used for preparing these compounds were similar to those described by Clarke et al. (1949) . Radioactive preparations were made from an SI" penicillin preparation which was 70 per cent pure by bioasay. The purity, by chromatographic analysis, of each of the products shown in figure 1 figure 2 are shown chromatograms of the alkaline extract and of crude penicilloic acid prepared by treating radioactive penicillin at pH 11 for 24 hr at 37 C. Only one main component was found in the alkaline extract, and its Rf value corresponded to that of penicilloic acid. The chief component in the crude penicilloic acid preparation was shown to be penicilloic acid by treating S35 penicillin (70 per cent pure by bioassay) with penicillinase (Schenley), which is known to yield penicilloic acid (Clarke et at., 1949) . A chromatogram of the resulting material (figure 3) showed 59 per cent of the total radioactivity in the main peak at the same Rf value as the main peak in the alkaline preparations of penicilloic acid. The amount of the chief component present in the chromatogram of the alkaline extract was calculated (from the area under the peak) to be approximately 4 X 10-12 M. This figure is given to illustrate the necesity of using penicillin of high specific activity. In the chromatogram of figure 4 crude penicilloic acid and the alkaline extract were chromatographed on the same strip. A single peak resulted. RADIO Figure 4 . Alkaline extract and penicilloic acid chromatographed on the same strip. The amount of each substance used was such that an equal number of counts of each was applied. The solvent system is described under METHODS. The radioactivity was measured and recorded automatically as described in the text. The front was marked artificially and does not represent an actual peak. The solvent moved 26 cm. The ordinate is expressed as counts per min (above background) per unit length (arbitrary scale).
When penicilloic acid is heated at a low pH, it is converted into penilloic acid (Clarke et al., 1949) . Crude penicilloic acid was converted into penimoic acid by treatment at pH 2 for 5 min at 100 C. A part of the alkaline extract was similarly treated. Chromatograms of the two preparations are compared in figure 5. It will be noted that in both cases a component of high Rf value was formed. The phenylureide of both preparations was formed by treatment with phenyl isocyanate at pH 10 for 30 min at room temperature (Clarke et al., 1949) . The resulting preparations were compared chromatographically with the two chromatographic systems. The results are shown in figures 6 and 7. It will be noted that the behavior of the alkaline extract was very similar to that of the model preparation.
Finally with the alkaline extract by paper electrophoresis. As shown in figure 8 , the mobilities of the main components were very similar.
It was concluded that the compound set free on mild alkaline treatment of penicillin-treated cells is penicilloic acid because: (a) the alkaline extract behaved chromatographically like penidilloic acid; (b) because on acid treatment it The sodium lauryl sulfate extract was found not to be of very large molecular size, since a 5-hr centrifugation at 53,000 G decreased the radioactivity at the surface of the solution by only 4 per cent. Moreover, it was found to be for the most part dialyzable through cellophane. The amounts left after dialysis against 200 volumes of water at 4 C were 24 per cent at 24 hr and 17 per cent at 48 hr. These values indicate that the material was not homogeneous, because a first-order curve was not obtained. 
